Ecological preferences and movement patterns of carabid beetles along a river bank by VOM HOFE, Harald & GERSTMEIER, Roland
ECOLOGICAL PREFERENCES AND MOVEMENT PATTERNS OF 
CARABID BEETLES ALONG A RIVER BANK 
Harald YOM HOFE & Roland GERSTMEIER 1 
RÉSUMÉ 
En 1995, nous avons étudié Je peuplement des carabides de la zone alluvionnaire d'une 
petite rivière préalpine, constituée par un réseau d'habitats variés, incluant des prés 
intensivement exploités, des forêts et des arbrisseaux de saules interconnectés par des prés 
non fauchés le long de la rivière. Pour obtenir des données sur les patrons de déplacement et 
Je choix des habitats par les carabides, les espèces les plus représentatives ont été étudiées par 
piégeage et marquage individuel. 
Quelques espèces de forêt utilisent la zone riveraine non boisée comme corridor de 
déplacement (p.ex. Aba.x parallelus), quelques-unes l'utilisent comme habitat secondaire 
(p.ex. Aba.x parallelepipedus), tandis que d'autres préfèrent les arbrisseaux comme marche­
pied entre les habitats boisés (p.ex. Platynus assimilis). Pour une espèce prairiale (Carabus 
granulatus) la fonction des forêts comme sites d'hibernation a pu être démontrée. 
SUMMARY 
ln 1 995 we studied the ground beetle coenosis of the floodplain of a small prealpine 
river, containing a network of different habitats including intensively managed meadows, 
forest areas and spread willow copses connected by an unmown corridor along the river. 
Representative species were examined using pitfall trapping and individual marking tech­
niques to obtain data on patterns of movement and choice of habitat by carabid beetles. 
Sorne forest species use the unwooded river bank as a movement corridor (e.g. Abax 
para/le lus) , sorne use it as secondary habitat (e.g. Aba.x parallelepipedus), while others prefer 
copses as stepping stones between wooded habitats (e.g. Platynus assimilis). For a meadow 
species (Carabus granulatus) the function of wooded areas as hibernation places could be 
demonstrated. 
INTRODUCTION 
In regions dominated by intensive agricultural land use, the establishment of 
habitat networks is thought to enable genetic exchanges of faunal and floral 
elements of fragmented and threatened habitat types . While the concept is rapidly 
finding its way into conservation practice (Galonske & Prill, 1 985 ;  Jedicke, 1990;
Weber, 1 988),  surprisingly little is known about habitat requirements, dispersal 
1 Corresponding author: Technische Universitiit München, Angewandte Zoologie, D-85350 
Freising. e-mail: r.gerstmeier@Jrz.tum.de. 
Rev. Écol. (Terre Vie), vol. 56, 200 1 .  
3 1 3  
potential or minimal population sizes of those species intended to benefit from 
such programs. Research on networks of natural or semi-natural habitat types in 
Europe bas mainly concentrated on hedgerows and field boundaries. Among 
invertebrates, ground beetles have been often used as model organisms to solve 
such problems (Den Boer, 1979; Mader, 1 979, 1 983; Mader & Mühlenberg, 1 981 ;
Mühlenberg & Werres, 1983; Welling, 1 990), because the autecology of many
species is weil known, they occur in most habitats with many, often very 
specialized species, and the short generation time mostly of one year only enables 
short-term studies on their population dynarnics. Most authors work on hedges and 
boundary strips, because these linear and uniform structures simplify investigation 
of isolation and dispersal behaviours (Baars, 1 979;  Burel,  1 992; Glück & Kreisel,
1986; Petit, 1 994; Petit & Burel, 1 993; Pollard, 1 968; Wallin & Ekbom, 1 988;
Zerbe, 1 989) .  Only few authors have investigated river banks of small rivers 
(Comelsen et al. , 1993; Gerstrneier, 1 996;  Gerstmeier et al. , 1 994; Riecken & 
Ries, 1 993) . Although being line structures, river banks are far more diverse 
habitats than hedgerows and field boundaries . The influence of different habitat 
types along small rivers on dispersal behaviour bas not yet been investigated. 
For this study, a 3-7 rn wide stretch of river bank, wedged between the river 
and conventionally managed agricultural land was selected. The aim of the study 
was to identify the influence of different types of river bank habitats on the 
dispersal behaviour of various species of carabid beetles .  In particular it was tested 
if isolated stands of small trees are effective in facilitating the dispersal of 
woodland-related species, and if they could act as barriers for grassland specialists. 
SITE AND METHODS 
STUDY AREA 
The river Mum is typical for small watercourses in the foothills region of the 
northem Alps. So far it bas escaped constructional modifications and meanders 
through a valley characterized by agriculturally managed meadows. The river 
maintains the natural dynarnics of water levels, resulting in substantial floods 
during winter and occasionally in summer. For the study, a 80 rn long and 3-7 rn 
wide stretch of river bank (RB) was selected. At the eastern end, the unwooded RB 
borders an oaklhombeam forest. The RB itself is characterized by herbaceous 
vegetation and unmanaged rich pasture. lt is divided into two separate stretches 
(50 rn and 20 rn long) by a 15 rn long stand of willows.  The RB is wedged between 
the river itself and a piece of intensively managed rich pasture. The spatial relation 
of the different vegetation types is described in Fig. 1 .  
MATERIAL AND METHODS 
To capture beetles, barriers of acrylic glass (30 cm in height, burried 5 cm deep 
in the soil) were constructed, running at 90° angles from the river edge through the 
entire RB at distances of 10 m. Two such barriers (3 rn wide) were also erected in the 
neighbouring forest. Pitfall traps ( 10  cm diameter) were arranged at 1 rn distances 
along both sides of ali barriers, so that left and right side captures could be 
differentiated. Ground beetles caught in the traps were marked and recaptured every 
two or three days between 7th April and 1 5th September 1995 . Marking on thorax 
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willow cop110 
Figure 1 .  - The examination site with vegetation structure and barriers. 
and elytra followed Glück & Kreisel ( 1 986), using a glass paint pen (trade mark
FABER). As the color sometimes came off due to the beetle's movement through the 
substrate, only beetles showing at least two thirds of the initial size of the mark were 
counted. After registration, the marked beetles (for numbers see table 1) were 
released on the opposite side of the barrier at a distance of sorne 5 m. ln total, 
individuals of 12 species were marked; from seven species sufficient data (statisti­
cally appropriate sample size) for evaluation could be obtained: 
- Forest species: Abax parallelepipedus (Piller & Mitterbacher); Abax 
parallelus (Duftschmid); Nebria brevicollis (Fabricius); Platynus assimilis 
(Paykull); Pterostichus burmeisteri Heer. 
- Meadow species: Carabus granulatus Linné; Poecilus cupreus!versicolor 
(Linné/Sturm). 
As it proved difficult to differentiate the sibling species Poecilus cupreus and 
P. versicolor in the field, they were dealt with as a single species, particularly as 
their autecology is very similar (Lindroth, 1945) .  Although Zerbe ( 1 989) found a 
doser association to meadows of P. versicolor, our own investigations (unpub­
lished) showed an equal numerical relation of both species in different types of 
habitats. 
RESULTS 
CHOICE OF HABITAT 
The results from the capture-recapture method are summarized in table !.·The 
recapture rate of 62.5 % for Abax parallelepipedus (individuals marked and 
recaptured within the forest) was distinctly lower than for Abax parallelus 
(94.05 %); in contrast, 27 .5% of Abax parallelepipedus were recaptured in the 
RB. Of all the forest species, Abax parallelepipedus most frequently immigrated 
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into the RB. A similar pattern could be observed for Abax parallelepipedus marked 
on the RB. The rate of exchange between this habitat and the forest was 22.58  %. 
Recapture data (numbers in brackets) indicate that most beetles seem to use the 
way across the intensively managed meadows and not along the river. 
Apart from Nebria brevicollis, Abax parallelus showed the highest recapture 
rate (94.05 %) of ali species marked within the forest. In contrast to Abax 
parallelepipedus, this species is known to be highly philopatric. The low recapture 
rate (69.44 %) of Abax parallelus in the non-wooded areas indicates an increased 
population turnover and higher migration activities .  Platynus assimilis and 
Pterostichus burmeisteri show high recapture rates of 80 % and 93.33 % in the 
forest, indicating a close affinity for this habitat. Furthermore, only one specimen 
of Pterostichus burmeisteri was found in the RB . In comparison, more specimens 
( 1 1. 1 1  %) of Platynus as similis marked in the forest could be recaptured in the 
TABLE I 
Recapture rates of the marked species in absolute abundance and percent. Values in 
brackets show those individuals that were recaptured sorne barriers ahead, demons­
trating that the marked individuals had to move sorne distance within the intensive/y 
managed meadow. 
Individuals Recaptured in 
marked river bank forest copse 
in forest individuals % individuals % individuals % 
Abax parallelepipedus 1 5 1  1 1  [8] 27.50 25 62.50 [4] 1 0.00 
Abax parallelus 326 7 [5] 4. 1 7 1 5 8  94.05 [3] 1 .79 
Pterostichus burmeisteri 101  1 6.67 1 4  93.33 0.00 
Platynus ·assimilis 397 [4] 8 .89 36 80.00 [5] 1 1 . 1 1  
Nebria brevicollis 632 0.00 250 1 00.00 0.00 
Poecilus 59 5 [3] 38 .46 8 6 1 .54 0.00 cupreus/versicolor 
Carabus granulatus 88 1 2  [8] 4 1 .38 17  58 .62 0.00 
river bank 
Abax parallelepipedus 82 20 [ 13 ]  64.52 7 [ 1 ]  22.58 4 [3] 1 2.90 
Abax parallelus 66 25 [19]  69.44 7 [5] 19 .44 [4] 1 1 . 1 1  
Pterostichus burmeisteri 80 1 8  [ 1 1 ]  78 .26 3 [2] 1 3 .04 [2] 8 .70 
Platynus assimilis 59 5 [3] 62.50 [ 1 ]  1 2.50 [2] 25.00 
Nebria brevicollis 273 3 1  [20] 62.00 1 2  [8] 24.00 7 [2] 1 4.00 
Poecilus 880 1 62 [ 1 02] 99.39 0.00 [ 1 ]  0.61 cupreuslversicolor 
Carabus granulatus 3 1 5  53 [40] 82. 8 1  [2] 3 . 1 3  [9] 1 4.06 
copse 
Abax parallelepipedus 28 [7] 70.00 0.00 3 30.00 
Abax parallelus 9 [3] 75 .00 0.00 1 25 .00 
Pterostichus burmeisteri 7 [ 1 ] 1 00 .00 0.00 0.00 
Platynus assimilis 88 3 [ 1 ] 20.00 [4] 26.67 8 [4] 53.33 
Nebria brevicollis 155 9 [7] 32. 1 4 [2] 7 . 1 4  1 7  [2] 60.7 1 
Poecilus 1 3  [ 1 ]  1 00.00 0.00 0.00 cupreus/versicolor 
Carabus granulatus 45 3 [ 1 ]  75 .00 0.00 1 25 .00 
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willow copse than in the unwooded areas in between. The recapture rates of 
Platynus assimilis ( 1 3 .56  %) and Pterostichus burmeisteri ( 1 8 .32 %), marked in 
the unwooded area are very low; they also indicate relatively high exchange rates 
(P. assimilis 1 2.5  % ;  P. burmeisteri 13.04 %) between this habitat and the forest. 
The relatively high recapture rates of the meadow species Poecilus 
cupreus/P. versicolor (38 .46 %) and Carabus granulatus (4 1 .38  %) in the RB, 
based on individuals marked in the forest, indicate the main activity of these 
species centers in the unwooded areas. During the two weeks in September, we 
could determine a significantly higher (Mann-Whitney-Test, p < 0.05) recapture
rate for the sibling species Poecilus cupreus/P. versicolor from that part of the 
barrier facing the forest and therefore a clear moving off from the forest. 
Different results arise for Poecilus cupreus/P. versicolor when regarding the 
marked species within the RB. The low recapture rate of 1 8 .5 % and very low 
exchange rates (0 % into the forest; 0 .61 % into the copse) suggest that these 
species enter the RB, respectively the copse, only occasionaliy, their actual biotope 
being the intensively managed meadow. Carabus granulatus shows sirnilar 
recapture rates, but immigration to the copse with 14.06 % of specimens marked 
within the RB is remarkably higher. During the two weeks in September, we could 
observe - through exarnination of both left and right si de captures at the barriers 
- a significantly favoured course towards the forest. 
Recapture rate of Nebria brevicollis specimens, marked in the forest, was 
1 00 %. The predominant part of those recaptures was done in the last two weeks 
in September. Because of low recapture rates, a differentiation of specimens 
marked within the copse was only useful for Platynus assimilis and Nebria 
brevicollis. Several marked specimens from both species could be found again in 
the forest, ali of them having taken the course across the intensively managed 
meadow and not the way along the river (through the RB) .  
The remarkable values represented by the data shown in brackets (Table 1) 
verify a high ability - even for the forest species - to use the adjacent intensively 
managed meadows as residence, at least temporarily. Specimens marked within the 
forest also did not take the direct course into the RB but instead used the detour 
across the intensively managed meadow. Moreover, no single specimens could be 
found which had covered the en tire distance between forest and copse or copse and 
forest within the RB. 
PATTERNS OF MOVEMENT 
To illustrate patterns of movement, we chose Carabus granulatus, because this 
species occurs as main species in ali habitats and undertakes extended migrations. 
Figure 2 demonstrates the patterns of movement of two selected individuals;  
figure 3 depicts the distribution of ail recaptured specimens of Carabus granula­
tus. Most of these movements occurred in the river margin itself and via the 
distance river margin/intensively managed meadow/river margin. 
DISCUSSION 
One of the remarkable features of river banks is a specifie ground beetle 
community. Deciding factors for the distribution of ground beetle species are 
above ali the utilization, respectively management practices of the ecotone and the 
adjacent areas as weil as the composition of vegetation resulting from that. The 
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Figure 2. - Two examples of representative movements of Carabus granulatus. The small black
squares indicate the first catch, the black circles indicate every recapture. 
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Figure 3. - Movement of ali marked Carabus granulatus within the different habitats. The arrows 
show the direction of walk; double arrows indicate movement within a habitat. Boldness of the arrows 
and associated numbers denote frequency. N = number of marked individuals;  W = recapture rate in 
percent. 
unwooded part (between 20 and 50 rn) of the river bank area as weil as the 
adjacent meadow were intensively utilized. There we find species weil adapted to 
conditions caused by mowing, which causes considerable changes of temperature, 
humidity and impediment to movement. In the forest as weil as in the copse, true 
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forest species are dominant. The non-managed and unwooded parts of the river 
bank between them accommodate a mixed fauna of forest species as well as 
meadow species .  Using individual markings we could show a high mobility within 
the river margins, even for forest species.  An exchange of specimens across a 
distance of 80- 1 00 rn during one vegetation period seems to be common. 
Nevertheless, a comparison between species shows distinct differences 
conceming the intension of utilization of the river bank. With regard to the 
eurytopic forest species Abax parallelepipedus, high recapture and exchange rates 
suggest the use of this habitat not only as path or corridor. Parallel investigations 
(vom Hofe, in preparation) could demonstrate a regular presence along the river 
bank, even sorne distance from the forest, and reproductive success could be 
verified by larval findings.  This supports the findings of Glück & Kreisel ( 1986)
who noticed exchange rates of 3 % and 4 % respectively between hedges and 
forest, and between forest and hedges.  Furthermore, our data show (Table 1) that
Abax parallelepipedus uses not only the unmanaged river margin, but is also very 
common in the frequently mown meadow and often changes from one habitat to 
the other. This is in contrast to Petit & Burel ( 1993) who found a strict limitation
of A. parallelepipedus to hedge sites in an agricultural area. Abax parallelus, a 
species which is much more associated with the forest habitat, immigrates only 
occasionally into the unwooded river margin, although it was found there regularly 
even at a greater distance to the forest. This unwooded habitat seems to be less 
attractive for Abax parallelus. However, it appears that this beetle can use the river 
bank as a corridor. Already Thiele ( 1973) differentiated these two species as the 
eurytopic Abax parallelepipedus, living in copses and forests, and the more 
stenotopic forest inhabitant Abax parallelus. He attributed this different habitat 
preference to a different breeding behaviour. A similar distribution along river 
banks was found by Riecken & Ries ( 1993).
Other ground beetles, for example Platynus assimilis, show distinct prefer­
ences for copse structures .  This species could be found exclusively in the forest 
and the copse, indicating a frequent exchange of individuals between these 
habitats. Copses along the river bank constitute possible stepping stones for 
Platynus assimilis, connecting the single populations with each other. 
Meadow species like Poecilus cupreus/P. versicolor or Carabus granulatus 
occur regularly in the forest as well as the unwooded river margin. Relatively high 
exchange rates between these two habitats, as well as preferred directions of 
movement during definite seasons, indicate the functional importance of these 
habitats, for example as hibernation places for these species. Quite a number of 
individuals of Carabus granulatus find their way back into the non-mown river 
bank again and again, showing the importance of this habitat. 
In addition to this river bank corridor, the adjacent intensively utilized 
meadow is a biotope which is visited by the forest species at least at times. 
All in all frequent exchanges of individuals along a semi-natural river bank 
could be shown, facilitating genetic exchange therefore should be expected. The 
total biotope complex consisting of forest, managed and unmanaged river margins 
and meadow therefore must be considered as a network, serving different functions 
for single species in single habitats. 
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